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Introduction
Alongside diisopropylamide, 2,2,6,6-tetramethylpiperidide (TMP) is one of the most widely utilised amido ligands in synthetic chemistry. Long used in the form of its lithium salt, [1] [2] [3] [4] the high steric demand and extremely strong Brønsted basicity of TMP means that it is often employed in deprotonative metallation reactions in place of an alkyllithium which can be more prone to inducing nucleophilic addition (or reduction) side reactions. [5] The synthetic and structural chemistry of alkali metal TMP reagents continues to be the focus of considerable attention particularly with respect to their incorporation in magnesiate and zincate systems. In this paper we introduce novel TMP complexes of magnesium. The parent bis(amide) Mg(TMP) 2 -a considerably weaker base than LiTMP -was first utilised by Eaton to selectively magnesiate aryl esters, amide-activated strained cyclopropanes and cubanes, and to even doubly deprotonate diamido arenes. [32] Despite almost 40 years of investigation, [1] [2] [3] [4] the chemistry of TMP continues to surprise. For example, recently, we reported that the strongly basic TMP anion can itself be metallated (i.e., forming a N − , C − dianion) and trapped within a potassium aluminate framework. [33] In our past research studies, Mg(TMP) 2 was generally prepared by treating commercially-sourced n,s Bu 2 Mg/heptane solution with two molar equivalents of TMP(H) in hexane solution.
To ensure complete bis(amination) of the dialkylmagnesium, the mixture was heated to reflux for at least twelve hours. Recently, the process used to prepare commercial "Bu 2 Mg" has been altered, and the composition of the new solutions consists of approximately a 9:1 ratio of n Bu 2 Mg:Et 3 Al in heptane. The aluminium additive is needed to aid solubilisation of the magnesium reagent in the hydrocarbon medium.
We have recently discovered that this additive can unexpectedly take part and alter the course of reactions. [34] To overcome this complication, we have introduced another magnesium reagent into our synthetic repertoire, namely (Me 3 SiCH 2 ) 2 Mg 
Results and Discussion
Using 1 in this work, we attempted to prepare some fundamental monometallic building blocks which are crucial in constructing a greater understanding of the role neutral magnesium reagents play in magnesiate systems [25, 27] and also in the chemistry of macrocyclic "inverse crown complexes". Fig. 1) . While four-membered dimeric rings are common in s-block amide chemistry, [42, 43] that of 2 is interesting for displaying two distinctly different TMP bridging conformations, [44] which renders the structure noncentrosymmetric. One ligand prefers the common chair conformation (N1 ligand in Fig. 1 ), which is adopted in the vast majority of s-block homo-and heterometallic complexes; but, the second TMP ligand adopts a rarer, less thermodynamicallypreferred twisted boat conformation [45] (N2 ligand in Fig. 1 ). This is perhaps indicative of the steric strain which this latter ligand is under in 2"s sterically- With complex 3 containing only one intact TMP ligand per Mg centre when two were expected, the reaction had clearly taken an unexpected course in generating two surprising anions. The first is a primary amidoalkene, which could be explained by a ring opening of a TMP anion. This reaction -perhaps a first step in the thermal degradation of TMP -is similar to that observed in the ring-opening/cleavage of cyclic ethers to produce enolates. [50] [51] [52] To the best of our knowledge, this represents the first time that a ring-opened derivative of TMP has been captured within an organometallic product. Berg and Cowling [53] is not likely to reoccur with the geometric constraints which are applied in a neutral polynuclear complex; hence, to release steric strain, one could envisage that a H-shift from a CH 3 group to the amido N occurs followed by ring opening to form the less sterically demanding, unsaturated, linear, primary amide ligand [pathway a) in Scheme 3] . As mentioned earlier, we have recently documented that the TMP anion can itself be deprotonated at a methyl group, to produce a TMP dianion which is trapped and presumably stabilised within a mixed metal potassium aluminate framework. [33] In addition, Strohmann has shown that N,N,N ,Ntetraethylethylenediamine (TEEDA) can undergo -deprotonation followed by ethene elimination to transform di-tertiary amine TEEDA into a tertiary amine-secondary amide.
[55] Therefore a further potential pathway which could account for the ringopening of TMP − , is that sterically-driven self-deprotonation of the amide takes place, followed by alkene formation, ring opening and reprotonation of the imido N atom [45] ] to ascertain whether species akin to 3 can be isolated.
Conclusions
To conclude, we have prepared a new alkylmagnesium amide and synthesised a highly unusual tetranuclear triheteroanionic amide-alkoxide-amidoalkene which appears to contain a ring-opened isomer of the TMP anion. This latter result shows one possible decomposition pathway when metal TMP solutions are heated strongly.
Thermal decompositions of this type may be synthetically useful provided refined, reproducible ways of generating primary amidoalkenes can be found.
Experimental Section
All reactions were performed under an inert argon atmosphere using standard Schlenk techniques. Hexane was dried by refluxing over Na metal and benzophenone and distilled before use. NMR spectra were recorded on a Bruker DPX 400MHz spectrometer operating at 400. 
